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Available online 20 February 2017In Brazil, the Cadastro Ambiental Rural (CAR) is currently being implemented. This policy aims to geo-reference
all properties and promote monitoring of, and compliance with, natural vegetation conservation requirements.
Scholarly efforts and policy attention have so far concentrated on possible environmental impacts hereof,
while the attention devoted to how the CAR might affect farmers' livelihoods has been limited. In this paper,
we evaluate potential livelihood impacts of the CAR and programs that facilitate CAR registration. We do so by
developing a conceptual framework and using evidence from semi-structured interviews with key stakeholders
including farmers, governments, and funding agencies.We ﬁnd that while the CAR and programs facilitating CAR
do not have explicit livelihood impact goals, they nonetheless affect livelihoods, both positively and negatively,
depending on the initial amount of natural vegetation on farmers' properties, farmers' access to credit and infra-
structure, and changingmarket conditions.We argue that environmental interventions and policies need to con-
sider potential livelihood impacts, especially if the policy intervention area has high poverty rates.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
Cadastro Ambiental Rural (CAR)
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Assets1. Introduction
Brazil facesmajor challenges in the implementation of the 2012 For-
est Codewhich relaxes the previous code from1965 (Kröger, 2016). De-
forestation in many areas, such as the Legal Brazilian Amazon, has been
on the rise since 2013 and prospects for the future are not good as polit-
ical appointments are sending anti-environmental signals (Fearnside,
2015, Fearnside, 2016a, Ferreira et al., 2014). However, one potentially
promisingmechanism of the new Forest Code is the Cadastro Ambiental
Rural (the Rural Environmental Registry – CAR) (Soares-Filho et al.,
2014). With the CAR, it is mandatory for all rural properties to be regis-
tered and caps have been set on the proportion of natural vegetation
that can be legally cleared on any rural property (as low as 20% in the
Amazon). The CAR also lays out guidelines for which areas should be
permanently preserved. The implementation of the CAR requires geo-
referencing and identiﬁcation of property boundaries, Legal Reserves
(LR), and Areas of Permanent Preservation (APP).
The CAR is primarily expected to enhance the ease ofmonitoring and
enforcement of the Forest Code and other environmental legislations.
This may in turn directly or indirectly affect what activities landownersurch St., Ann Arbor, MI 48104,
. This is an open access article undercan conduct on their land and subsequently impact landowners' liveli-
hoods. For example, to achieve compliance with the Forest Code, refor-
estation may be required or landowners may need to pay taxes that
they did not have to pay previously because their property was not reg-
istered in the state registry system (Kröger, 2016). Therefore, enforce-
ment of the CAR is likely to affect not only the natural vegetation but
also the livelihoods of private property owners through changes in
land use, monitoring, and resulting changes in the provision of ecosys-
tem services, such as water puriﬁcation.
While many studies have evaluated the impacts of environmental
conservation programs such as protected areas on local livelihoods
(e.g., Andam et al., 2010; Clements et al., 2014; Ferraro and Hanauer,
2014; Miranda et al., 2016), and of large scale infrastructure as well
(Fearnside, 2016b), few studies have systematically evaluated the im-
pacts of the CAR on local livelihoods. Both scholarly and policy efforts
have concentrated on environmental aspects (Azevedo and Saito,
2013; Gibbs et al., 2015; L'Roe et al., 2016) with little assessment of
how livelihoods (the capabilities, assets, and activities required for a
means of living (Scoones, 1998)) may be affected. Although livelihood
impacts may not be an intentional objective of the CAR, some agencies,
such as the BrazilianDevelopment Bank thatmanages funds to facilitate
CAR registration, do expect livelihood impacts to occur, albeit the specif-
ic nature of such impacts remain unknown (BNDES, 2015). Notably, the
Brazilian Development Bank has been open to engage in additional or
new activities that can speciﬁcally help farmers compensate forthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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need to devote attention to the multitude of ways in which farmers'
livelihoods may be affected by the CAR.
In this paper, we investigate theories of change in livelihoods as a re-
sult of the CAR and CAR related programs. CAR related programs are de-
ﬁned as programs that either a) facilitate registration in the CAR by
helping farmers to geo-reference their properties; and/or b) build ca-
pacity among farmers on how to be in compliance with the Forest
Code,which includes knowledge on the CARand how to restore degrad-
ed areas. Examples of such programs are the International Climate Fund
(ICF), the Amazon Fund and the German Development Bank's state CAR
programs (Amazon Fund, 2015; KfW, 2015) and the Responsible Soy
Project by The Nature Conservancy and Cargill (TNC, 2015). We note
that there is a difference between the outcomes of the CAR as such
and the outcomes of CAR related programs. Wherever possible, we
aim to tease out those differences but with the caveat that the CAR
andCAR related programs are deeply entangled as the latter are a neces-
sity for smallholder farmers to register - that is, farmers most often lack
the knowledge and the means to register by themselves and the pro-
grams provide serviceswhich offset registration costs and teach farmers
how to ensure that their property is in compliancewith the Forest Code.
Measuring actual, causal impacts of the CAR and CAR related programs
is not yet possible because national implementation of CAR began
only after the revision of the Forest Code in 2012 and is still underway,
and because livelihood impacts may take a while to unfold and be de-
tectable. Rather, we develop theories of change that may underpin po-
tential livelihood impacts of the CAR and CAR related programs.
Establishing theories of change is an essential, yet undervalued, ﬁrst
step to any programevaluation and as suchwe see thiswork as valuable
for future assessments of the CAR and CAR related programs.
We ﬁrst outline the multiple pathways through which the CAR and
CAR related programs may affect livelihoods of rural households by
modifying Ellis' framework formicro policy analysis of rural livelihoods2
(Ellis, 2000) and adopting a Sustainable Livelihood Approach (SLA)
(DFID, 1999). Second, we apply the framework to two biomes in Brazil
to assess plausible livelihood impacts using information collected
through semi-structured interviews with farmers and other stake-
holders involved in the CAR and CAR related programs. Finally, we
argue that future environmental interventions and policies need to
more substantially consider potential livelihood impacts.
We use the Amazon and Cerrado biomes as case areas because these
biomes provide a high value of ecosystem services and have higher pov-
erty rates than the rest of Brazil - thus, the change processes are impor-
tant from both an environmental and a livelihood perspective. The
Amazon biome includes some of the states with the highest CAR partic-
ipation. For example, in Pará, theﬁrst state to initiate CAR registration in
2007 before it becamemandatory, 99% of the area that is subject to CAR
registration was registered as of October 2016 (Brazilian Forest Service,
2016). The Cerrado biome has much less legal protection than the Am-
azon; it is one of Brazil's agricultural hotspots, with only 7% of the area
preserved as protected areas and the potential for 40 ± 3 Mha to be le-
gally converted for agricultural production (Soares-Filho et al., 2014).
This makes the consideration of livelihood impacts of the CAR particu-
larly critical because it is likely to directly impact how farmers manage
their natural vegetation.
Through these cases, we provide an analysis of how the CAR and CAR
related programs have affected and may affect livelihoods. In the fol-
lowing sections, we summarize the revision of the Forest Code in
2012, introduce our conceptual framework, describe our methods and2 A rich literature posits a dynamic relation between different types of assets and liveli-
hood opportunities (Bebbington, 1999; Ellis, 2000; Scoones, 1998). While these ap-
proaches share many similarities in relation to the capitals required for a means of
living, Ellis (2000) places particular emphasis on the mediating character of institutions
and social relations both in regard to livelihood strategies adoption and access to capital
assets.data collection strategy, and then use the framework and data to illus-
trate theories of change in terms of livelihood impacts of the CAR and
CAR related programs. Finally, we use the presented ﬁndings to reﬁne
existing theorizations of the linkages between the CAR and livelihood
outcomes.
2. Material and Methods
2.1. Background
Farmers, many agricultural corporations, and their representative
political parties have criticized the Forest Code (originally enacted in
1934 and ﬁrst revised in 1965) for limiting economic growth through
expansion of agricultural production because of the law's high level of
restrictions. Efforts by agribusinesses to weaken the regulations of the
Forest Code, along with a fall in deforestation rates since 2004, led to a
revision of the Forest Code (law 12615/2012) in 2012 (Soares-Filho et
al., 2014). The revised Forest Code has weakened some regulations
while strengthened and added others and it remains to be seen just
how transparent the CAR is for evaluating compliance with the Forest
Code through linking landowners to land use on a particular property
(Gibbs et al., 2015). However, enforcement of the Forest Code has
been hindered by insecure land tenure, large remote areas, and lack of
monitoring and enforcement capacity. Overall, the CAR is foremost a
governance instrument that aims to achieve improved environmental
outcomes.
There are two main regulations in the Forest Code that apply to
farmers and that are speciﬁcally related to the CAR and CAR related pro-
grams. First, farmers and ranchers must preserve Areas of Permanent
Preservation (APP) that include environmentally sensitive lands. APPs
are set aside because of their value for protection of freshwater and con-
servation of areas for freshwater recharge (Sparovek et al., 2010). APPs
include areas adjacent to rivers, natural or artiﬁcial reservoirs, river
sources or headwater, lakes, land above 1800m2,mangroves, dune veg-
etation and forests, the border of plateaus andmesas, wetlands, hilltops,
and hillsides with a slope steeper than 45°. Second, farmers and
ranchers must maintain a certain percentage of their land as protected
forest preserves, called Legal Reserves (LR). The percentage of LR varies
depending on the type of vegetation and geographic location of the
property. The LRpercentage is lowest (20%) for lands in theAtlantic For-
est, the Cerrado outside of the Amazon region, and the Caatinga (tropi-
cal dry forest in the northeastern region of Brazil), while it is higher in
the Amazonian Grasslands (35%) and the highest (80%) in the Amazon.
Finally, the 2012 Forest Code includes a number of speciﬁc changes in
regulations related to the CAR as follows:
- Land owners are required to participate in the rural environmental
registration (CAR) system, which was voluntary before 2012.
- Illegal deforestation carried out before July 22, 2008 might be par-
doned if the land owner registers in the environmental registry sys-
tem (CAR) and in the state's Program for Environmental
Regularization (Programa de Regularização Ambiental - PRA).3
Land owners that have cleared areas for construction, plantations,
pastures, and fallow land to increase soil fertility in violation of the
Forest Code before July 22, 2008 do not have to reforest as long as
they meet the new standards for protection.
- Land owners are allowed to count all APPs, such as forests along riv-
ers and hillsides, as part of their LR under certain conditions. Before
the amendment APP restrictions were in addition to the LR require-
ment.
- LR in forest regions of the Amazon can be reduced to 50% in states3 Each state is supposed to have PRA that includes technical details on recovery of APPs
and LRs as well as criteria for compensating LRs from properties that have more LRs than
those required by the Forest Code (Environmental Reserve Quota - Cotas de Reserva
Ambiental (CRA)) (Duchrow and Alencar, 2015).
4 TheNature Conservancy and Cargill started to collaborate on theproject since 2005 af-
ter Cargill opened a soybean export facility in Santarém. Greenpeace launched a high-
proﬁle protest against Cargill and the facility in 2006, claiming that Cargill is “Eating up
the Amazon.” Cargill used the Responsible Soy Project to show that they are making
farmers in compliance with the Forest Code. To the authors' knowledge, this is the ﬁrst
of its kind project to facilitate geo-referencing of farmers' properties, which later was
transferred to the state's CAR system.
5 The project area was only implemented in this area near the port facility. Cargill and
TNC required farmers within this area to be registered for the CAR and be free of defores-
tation in order to sell their soybeans to Cargill.
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enous territories, and that have ZEE (Economic Ecological Zoning).
In this case, the state can decide the size of the LR.
- The amount of required forest along rivers must range between 5
and 100 m - a decrease from the previous range between 30 and
500 m.
All rural properties across Brazil were required to register in the CAR
by May 2016, but the Brazilian Ministry of Environment recently ex-
tended the deadline by one more year. As of October 2016, 99% of the
possible registration area was registered, equaling an area of
393 million ha (Brazilian Forest Service, 2016). The extensive process
of geo-referencing the boundaries of all properties involves visits to
rural areas by teams of trained consultants, who work with property
owners to register their properties in the CAR. Since registration in the
CAR is not equivalent to a land title, and indeed does not indicate any-
thing about legal ownership, overlapping claims are allowed in the
CAR. Many states have their own CAR system that needs to be merged
with the federal CAR system (SICAR, 2016). Some states have relatively
low CAR participation to date. For example, in the state of Bahia, in the
Cerrado, only 40% of the possible registration area was registered as of
October 2016 (Brazilian Forest Service, 2016). Thus, the approaching
deadline for CAR registration imposes pressure on state governments
to facilitate rapid implementation. Furthermore, state governments
are compelled by law to assist smallholders (deﬁnition varies by state)
to become registered.
In several biomes, third-party donor agencies are assisting state gov-
ernments with the costs of registering smallholders. Such agencies in-
clude the International Climate Fund (ICF) (helping in the states of
Maranhão, Tocantins, Bahia, Piauí) and the German Development
Bank (KfW) (helping in Acre, Amazonas, Rondônia, Pará, Mato Grosso,
Bahia, Paraná, Rio de Janeiro, São Paulo states). Interventions such as
the Brazil Cerrado Climate Change Mitigation Program (UK
Government, 2012), funded by the UK through the ICF, the Amazon
Fund, and KfW aim to speed up the rate at which smallholders become
registered in the CAR. For example, the ICF has funded activities that
send technicians to municipalities to directly help farmers geo-refer-
ence their property boundaries and prepare documents for the
registration.
Overall, Brazilian forest conservation and agricultural land use are
affected by a wide array of governance interventions, implemented by
governments (federal, state, and local), non-proﬁt organizations, pri-
vate sector groups, and communities (Amanor and Chichava, 2016,
Caviglia-Harris, 2016). Such interventions include the designation of
protected areas and indigenous lands, payments for environmental ser-
vices programs, agricultural certiﬁcation programs, and supply-chain
sustainability initiatives. The CAR is therefore one of many approaches
being implemented in a complex institutional landscape. Some of
these interventions are complementary; others are antagonistic; yet
others are substitutable. The relative importance of these different gov-
ernance approaches in achieving different sustainability outcomes is
unclear. Within this context, the CAR remains a fascinating and poten-
tially important component, since it leverages the availability of re-
motely-sensed satellite imagery to facilitate monitoring and
enforcement of Brazil's central piece of environmental legislation, the
Forest Code.
2.2. A Conceptual Framework of the Linkage Between CAR and Livelihoods
The ﬁrst step for examining possible livelihood impacts of the CAR
and programs facilitating CAR is to deﬁne what we mean by livelihood.
We start with the premise that assessments of rural livelihoods need to
go beyond quantitative measures of cash income because rural liveli-
hoods are constituted by both tangible and intangible assets and institu-
tions (Scoones, 2009). In line with Ellis (2000, p. 10), we deﬁnelivelihood as that which comprises: “… the assets (natural, human, ﬁ-
nancial, social, and physical capital), the activities, and the access to
these (mediated by institutional and social relations) that together de-
termine the living gained by the individual or household.” This deﬁni-
tion allows us to focus on both the means and outcomes which is
necessary to develop amore sophisticated conceptualization of impacts
of the CAR and CAR related programs.
We modify Ellis' framework for micro policy analysis of rural liveli-
hoods (Ellis, 2000) to adopt a dynamic and holistic view from the Sus-
tainable Livelihood Approach (SLA) (DFID, 1999). Both frameworks
have been widely used in rural livelihood analyses (Fernandes and
Woodhouse, 2008) and originate from the same literature concerned
with sustainability, livelihood strategies, and poverty (e.g., Chambers
and Conway, 1992; Carney, 1998; Scoones, 1998). Ellis' framework pro-
vides a livelihood “platform of assets” as the starting point to discuss
how access to assets are modiﬁed by social relations, institutions, and
organizations in the context of various trends and shocks. This is appro-
priate for our purpose of studying plausible livelihood impacts because
the CAR and CAR related programs involve federal, state, and municipal
governments, NGOs, private companies, and funding agencies. Howev-
er, the framework does not explicitly address the linkages and feedback
loops among institutions and social relations, assets, and livelihood im-
pacts. For example, it does not illuminate the process through which
global economic trends have speciﬁc impacts on organizations and as-
sets. Hence, in line with the SLA, we emphasize the dynamic nature of
livelihoods and we focus on the modiﬁers and components inﬂuencing
livelihoods. By doing so, we address not only the livelihood impacts of
changed access to assets but also how local and global trends and shocks
directly and indirectly impact livelihoods, and how environmental
changes can inﬂuence assets.
Through this framework,we attempt to address the linkages and dy-
namics among the CAR and CAR related programs and farmers' assets
and livelihoods. By doing so, we combine the strengths of Ellis' frame-
work and the SLA and contribute to the literature in need of place and
context speciﬁc studies that address linkages across components and
scales (Scoones, 2009).2.3. Methods
To identify theories of change in farmers' livelihoods as a result of
the CAR and CAR related programs, we draw on data collected from
three rounds of interviews, conducted in 2011, 2015, and 2016. These
three rounds of interviews were carried out with stakeholders directly
involved in the CAR and CAR related programs. In 2011, we interviewed
farmers and project employees from the Responsible Soy Project aswell
asmunicipality and state government ofﬁcials. The interviewswere part
of a study aiming to evaluate impacts of the Responsible Soy Project4 by
The Nature Conservancy (TNC) and Cargill. TNC and Cargill have geo-
referenced farmers' property boundaries in the Santarém area5 since
2005, which they later registered for the Pará state CAR system
established in 2008. Also, they have helped farmers restore APPs since
2006 (Cleary, 2007). The project initially registered 315 properties
with an average area of 390 ha. Interviewees included eight farmers,
three municipal and state governmental ofﬁcials, a senior ofﬁcer at the
International Finance Corporation (IFC), four employees from TNC,
and four employees from Cargill. While these interviewees were not
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represent a set of central stakeholders involved in the CAR and CAR re-
lated programs. TNC and Cargill employees were facilitators of CAR reg-
istration whereas municipal governmental ofﬁcial and state
environmental government's ofﬁcials were responsible for monitoring
deforestation. Interviews with farmers were conducted in the state of
Pará, where CAR registration had already been facilitated; as such,
these data provided uswith insights about how the national implemen-
tation of CAR and CAR related programs have affected farmers' liveli-
hoods. Rather than providing quantitative estimates of impacts, these
interviews served to inform our development of hypotheses of liveli-
hoods impacts.
A second set of interviews was done in late 2015with key personnel
fromKfW, the Amazon Fund, and ICF - the threemajor funding agencies
supporting CAR related programs in the Cerrado biome. The activities
supported by the Responsible Soy Project and by the major funding
agencies were very similar: capacity building and training to facilitate
registration in the CAR and restoration of APPs and LRs. The funding
agencies were selected to represent key agencies supporting programs
to facilitate the CAR for small-scale farmers in the Cerrado and Amazon
biomes. A third set of interviews was done in May and June 2016 with
42 small-scale farmers who had registered for CAR in the states of
Bahia and Piauí within the Cerrado biome. These farmers registered
their properties with the help of the ProCerrado program, funded by
the ICF.
The details of the three sets of interviews are described in Appendix 1.
3. Plausible Livelihood Impacts of the CAR and CAR Related
Programs
Fig. 1 shows themultiple pathways in which the CAR and CAR relat-
ed programs may impact livelihoods of rural households. In the follow-
ing, we primarily focus on institutions and organizations as plausible
modiﬁers of livelihood impacts. We do so by ﬁrstly describing (A) the
global and national context in which the CAR and CAR related programs
are situated and how they might directly and indirectly affectFig. 1. A framework to describe livelihood impacts of CAR and CAR related programs.
Adjusted from Ellis (2000) and DFID (1999).livelihoods. We then describe (B) the role of institutions and organiza-
tions as “access modiﬁers” in CAR implementation. We focus on (C)
the subsequent modiﬁed access to assets (“livelihood platform”) that
rural households may have, as well as (D) the possible impacts on live-
lihood security as a result of changes in assets and livelihood strategies
after CAR. Further, we exemplify feedback loops between different
components.
3.1. Context (A) – Trends and Shocks
The recent increase in deforestation rates in the Amazonian biome
has caused concern in relation to a range of sustainability issues, such
as global climate change and biodiversity loss, and the CAR was born
in the context of policies aiming to promote sustainability through pri-
vate forest conservation (Gregorio et al., 2016, Nunes et al., 2015).
Moreover, the implementation of the CAR became feasible because of
improvements in remote sensing technologies. Technological advance-
ments that enabled satellite imagery-based monitoring systems
equipped governments with better tools to enforce environmental reg-
ulations and thusmore effectively address large scale sustainability con-
cerns. During the past 10 years, Brazil has increased the enforcement of
the Forest Code in the Amazon biome by using remote sensing data and
conducting ﬁeld visits. National deforestation and land use and land
cover databases such as PRODES and Detection of Deforestation in
Real Time (DETER) in the Amazon and the TerraClass Cerrado in the
Cerrado biome have provided the means for detailed monitoring exer-
cises and they are used by state and municipality governments to mon-
itor deforestation, forest ﬁre, land use, and restoration.
3.2. Impacts on Livelihoods
Our interviews revealed that the contextual changes described
above have direct and indirect impacts on farmers' livelihoods through
changes in market conditions and enforcement of environmental regu-
lations. For example, a senior programofﬁcer at IFC stated that the busi-
ness environment in Brazil had changed signiﬁcantly in the past ﬁve
years as the government had become more willing to involve the pri-
vate sector and NGOs in enforcement of environmental laws and deci-
sion making processes assumed to promote a broad range of
sustainability issues such as climate change and biodiversity protection.
These issues have also been driving market conditions that may pro-
mote lower deforestation rates, for example, through certiﬁcation
schemes, moratoria, and sustainability standards (Gibbs et al., 2016;
Macedo et al., 2012). Increased interest in sustainably-sourced agricul-
tural products was also manifested in the Round Table on Responsible
Soy (RTRS) to certify sustainable soybean production, which should, in
theory, entail legal compliance with the Forest Code and responsible
business practices regarding labor conditions and community relations.
The emergence of sustainability standards supported by enhanced
monitoring capabilities has thereby fueled an interest among many
companies in only sourcing agricultural products from lands that are
in compliance with the Forest Code, and environmental concerns have
becomemore important with increasing consumer demand for sustain-
able products (e.g. Reinecke et al., 2012; Schouten and Bitzer, 2015).
These trends are likely to change farmers' production decisions for com-
pliance with the Forest Code and for certiﬁcation of their products,
whichwill directly change their livelihood strategies, livelihood security
(e.g., income), and environmental outcomes.
Also, greater availability and use of satellite imagery has enabled
more successful monitoring efforts. These efforts have been directly in-
ﬂuenced by political leaders such as former President Luis Inácio Lula da
Silva, former Minister of the Environment Marina Silva, and several in-
dependent public prosecutors. Such attention and efforts have directly
affected farmers' production decisions. Fines have been given to proper-
ties with unlawful deforestation and the properties have accordingly
been placed on a public record of embargoed properties. The number
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Renewable Natural Resources (IBAMA) has increased in the Amazon
since 2002 (Assunção et al., 2013). Since federal law prohibits produc-
ing, buying, and selling products from embargoed areas (Decree 6514/
2008), it is no doubt problematic for farmers to have properties placed
on this record (IBAMA, 2015; Rajão and Vurdubakis, 2013). This moni-
toring and enforcement strategy appeared to have constrained farmers
not only on their production decisions but also on their access to forest
resources (Sunderlin et al., 2005).
3.3. Access Modiﬁers (B) – Institutions and Organizations
That key institutions and organizations have a central bearing on
farmers' livelihood became also evident during interviews. In the Re-
sponsible Soy Project, TNC helped farmers register in the CAR system
and be compliant with the Forest Code. TNC facilitated the process of
property registration by hiring technicians to geo-reference farmers'
property boundaries and preparing the necessary documents (e.g. envi-
ronmental diagnosis and recovery planning for degraded areas). Also,
TNC held seminars and meetings to provide technical assistance to
farmers on how to restore APP in their properties and comply with
the Forest Code. Further, they chose 12 pilot farms to act as demonstra-
tive andmonitoring areas. One of the ofﬁcials at the state environmental
agency (SEMA) expressed that the help from TNC during the process of
CAR registrationmade the report from farmers more trustable. Without
them, many farmers would not have the capacity to prepare the docu-
ments necessary for registration. CAR related programs, like the one
provided by TNC, thereby provide farmers with means to comply with
the Forest Code.
The three major funding agencies interviewed established contracts
with NGOs and/or state andmunicipal governments to implement their
activities on the ground. They provided a legal basis for the registration
process and help with landscape management. Thus far they have fo-
cused their efforts on capacity building for development of a CAR state
system compatible with the federal system. Because of an apparent dis-
connect between state and federal CAR systems, such initiatives are
timely.
3.4. Changes in Livelihood Platform (C) and Impacts on Livelihoods (D)
In this section, we provide theories of how farmers' asset base may
change as a result of the CAR and CAR related programs.
3.4.1. Natural Capital
The impact of CAR registration on natural capital is likely to depend
on a) the amount of native vegetation already cleared, b) when the
clearing took place, and c) the extent to which clearing activities can
be detected and deterred. On the one hand, the CAR may reduce the
amount of land available for agricultural production if farmers are
more closely constrained by the legal reserve rules in the Forest Code.
On the other hand, the Forest Code provides amnesty for historically-il-
legal deforestation because it differentiates between conservation and
restoration requirements and forgives legal reserve debts (Soares-
Filho et al., 2014). For example, the average deforestation rate6 of 315
farmers who were participating in the Responsible Soy Project was 2%
and 1% between 2005 and 2008 and between 2009 and 2012, respec-
tively, with the average area of properties being between 320 and
390 ha. The new Forest Code only limits the use of the area correspond-
ing to the 1% of area deforested between 2009 and 2012.
Farmers that have more LR area than what is required by the new
Forest Code may deforest their land if their marginal revenue from de-
forestation is higher than the marginal cost of deforestation. However,
if farmers have less LR area than what is required by the new Forest6 Measured as deforested area over remaining forest cover.Code, theywill bemandated to restore forests on their land. If they com-
ply, theymay either a) reduce total production, by reducing the produc-
tive area; b) maintain total production, by intensifying production on a
smaller productive area, or c) maintain total production, by expanding
their agricultural activities into new areas. According to a staff from
TNC, some farmers had deforested their property to expand the total
land area for farming while others had cleared small forest patches in
the middle of their agricultural plots to increase the efﬁciency of farm-
ing practices, an action minimizing the amount of scattered patches
and creating a better connected farm area. Therefore, a decrease in the
amount of arable or pasture land could reduce production and decrease
income. Many farmers both in the Amazon and Cerrado biomes indicat-
ed that they had necessarily reduced their use of land as a result of reg-
istering their properties in the CAR and delineating boundaries for LR
and APP. One of farmers in the Amazon biome speciﬁcally mentioned
the high cost of maintaining LR since he had to reforest (with native
vegetation, not tree plantations) his property after being ﬁned due to il-
legal deforestation.
In sum, an increase or decrease in the amount of land available for
agricultural production will directly change the land use and land
cover. This may lead to changes in the provision of ecosystem services
(Tallis and Polasky, 2009; Nelson et al., 2010; Goldstein et al., 2012)
which can happen in at least two opposing ways. On the one hand, if
farmers apply greater inputs (e.g. fertilizers) by production intensiﬁca-
tion or expansion of agricultural activities, then water sources may be
polluted, whichmay reduce the quality of drinkingwater – an outcome
directly connected to livelihoods. Farmers can also introduce cattle
ranching with crop rotation, which may increase the meat production
and the overall proﬁt from farming – assuming a constant meat price.
Such mixed crop and livestock production methods may improve or
degrade the ecosystem, and in turn positively or negatively affect liveli-
hoods. On the other hand, production reduction by increased preserva-
tion of LR and APP by enforcement of the Forest Code enabled through
the CAR system may enhance the provision of ecosystem services, like
water quality, in the long term by preserving forest corridors along
rivers. Some farmers speciﬁcally mentioned the beneﬁt of leaving natu-
ral vegetation along the river to preserve the water quality, which can
beneﬁt their livelihoods in the long run.
3.4.2. Human Capital
The CAR related programs contributed to farmers' human capital in
the form of providing education on the Forest Code and how to comply
with it. This was especially valuable for small-scale farmers living in re-
mote areas because they tended to be less knowledgeable on the Forest
Code. Many small-scale farmers interviewed in the Cerrado area did not
know the requirements of the Forest Code and the reasons for the CAR
registration until this was directly explained by staff from the CAR relat-
ed programs. Although these educational beneﬁts tend to be overlooked
by funding and implementing agencies, they should be accounted for as
they may accumulate and contribute to improved livelihoods in the
long run. For example, research from other areas has indicated that sim-
ply the ability to comply, vis-à-vis awareness of the law, is a stronger
motivation for compliance than are normative or social motivations
(Winter and May, 2001).
While the Responsible Soy Project and the ICF ProCerrado program
both communicated the purpose of the CAR, the Responsible Soy Project
also educated farmers about changing consumer demand for sustain-
ably sourced products, the value of standing forests, provision of differ-
ent ecosystem services, carbon sequestration etc. Accordingly, the
interviewed farmers in the Responsible Soy Project expected decreasing
demand for illegally-sourced agricultural products from unregistered
farms. Also, the interviewed farmers suggested that theywould eventu-
ally only buy land when that land was registered in the CAR and legally
maintained. Indeed, an issue raised by many farmers was that the CAR
might lead to changes in market demand in the long term and the
interviewed farmers were clearly aware of the possible market changes
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strategies to account for the changing demands - they just needed the
capacity to do so.
3.4.3. Financial Capital
One of the main negative ﬁnancial impacts farmers may experience
through CAR is the cost of registration, including geo-referencing of
property boundaries by hiring technicians. Yet, many CAR related pro-
grams have helped avoid upfront costs associated with the actual regis-
tration of properties. Without assistance from CAR related programs
farmers would need to hire technicians to geo-reference their proper-
ties, requiring both time and money. All interviewed farmers explained
that this process would be a substantial challenge and the resources to
register properties provided by the Responsible Soy Project and the
ProCerrado program were therefore greatly appreciated as it saved
farmers from a ﬁnancial burden.
Further, enrollment in the CAR may soon become a requirement for
farmers to maintain or gain new access to rural credit lines because
banks will require CAR registration for ﬁnancial loans (OECD, 2015).
Therefore, the Brazilian government has promoted continued or im-
proved access to credit as one of themain incentives for farmers to reg-
ister. In the past, gettingﬁnancial assistance has typically been a difﬁcult
process for many farmers - mainly because of the required documents
such as land title. This process is thus expected to become less cumber-
some since CAR registration will fulﬁll a requirement to access credit.
Ultimately, improved access to credit can have a bearing on the capacity
of farmers to make investments which in turn may affect productivity
and proﬁts. Many small-scale farmers in the Cerrado biome mentioned
the lack of funds to invest in agricultural production in order to increase
proﬁts. In fact, key personnel from the interviewed funding agencies ar-
gued that the main direct livelihood beneﬁt of getting enrolled in the
CAR would be farmers' increased accessibility to credit.
In addition to getting access to rural credit lines by the government,
farmers will most likely also experience greater access to credit offered
by private companies if they have entered the CAR. Many ﬁrmsmaking
investments in Brazil are very attentive to any potential risks that are as-
sociated with land title issues and they may at minimum require
farmers to be enrolled in the CAR or in compliance with the Forest
Code as a condition for providing credit, as asserted by a senior ofﬁcer
at IFC.
3.4.4. Social Capital
The CAR and CAR related programs will also likely affect social capi-
tal such as networks of families, friends, and associations sharing com-
mon interests and relationships with ﬁrms and governments. The
training programs and registration assistance offered by CAR related
programs may promote extended information sharing and also form
new networks that did not exist before – for example, information or
new networks related to how to be in compliance with the Forest
Code, and how to develop/strengthen farm and off-farm activities. In
the case of the Responsible Soy Project, TNC employees stated that
farmers share their knowledge on how to be compliant with the Forest
Code, gained through APP restoration demonstration pilot sites, at var-
ious meetings among farmers. This shared knowledge through net-
works facilitated by CAR related programs may indirectly help
improve livelihoods of the farmers directly participating in the CAR re-
lated programs.
Increased social capital assets acquired from ﬁrms and governments
may have indirect impacts leading to better access to agricultural inputs
such as fertilizers and seeds (physical capital). As evidenced by inter-
views with governmental ofﬁcials and ICF, subsequent governmental
policies will require CAR registration as a condition for providing access
to inputs. For example, improved access to inputs constitutes a higher
priority in remote areas primarily inhabited by small-scale farmers be-
cause prices for inputs are most likely higher in those areas than in
areas with more large-scale farmers and a greater demand for theseinputs. Interviewed farmers in the municipality of Santarém stated
that input prices (of fertilizer, seed, andmachinery) tended to be higher
in the more remote Santarém area than in large-scale soy growing mu-
nicipalities located in the state of Mato Grosso, even though land prices
and costs of transporting soybeans from farms to the port were lower
(see also Nepstad et al., 2006). One of the interviewed farmers men-
tioned that these factors made some farmers leave the Santarém area
because the high cost of inputs made production in the area unproﬁt-
able. According to a SEMA ofﬁcial, the biggest challenge for farmers in
the Amazon was limited infrastructure, which caused a shortage of im-
portant inputs such as equipment and technical assistance. The
interviewed farmers in the Cerrado biome also had little access to in-
puts. Therefore, access to inputs that farmers can potentially gain
through CAR registration by government’s or private company’s assis-
tance programs may help farmers increase their proﬁts from farming.
Finally, the aforementioned changes in natural, human, and ﬁnancial
capital assets might also have subsequent impacts on social capital be-
cause farmers' livelihood aspirations will change as the availability of
other capital assets change. For example, changes in ﬁnancial capital
resulting from increased accessibility to credit may replace their use of
social capital to borrow money from family or friends.3.4.5. Physical Capital
Physical capital is deﬁned as “a producer good that is purchased in
order to create a ﬂow of outputs into the future” such as roads, ma-
chines, irrigation canals, and buildings (Ellis, 2000). While our inter-
viewees did not expect any direct impacts of the CAR and CAR related
programs on the physical capitals, understanding potential indirect im-
pacts is important because infrastructure facilitates or increases the
likelihood of development (Ellis, 2000). For example, increased produc-
tion through improved access to credits and markets might increase or
decrease the number of producers, which may then change the size of
themarket and extent of investments in road and crop processing facil-
ities. Infrastructure improvements can have direct positive impacts on
livelihoods by decreasing costs and increasing accessibility to markets.
However, discontinued infrastructure development in areas with de-
creased production or that need preservation of the environment will
by contrast have adverse impacts on livelihoods.4. Discussion
In this section, we discuss major mediating factors and channels of
environmental and livelihood security outcomes, and linkages among
them. Table 1 summarizes the changes in natural, ﬁnancial, human, so-
cial, and physical capital assets caused by the CAR and CAR related pro-
grams. It also provides a summary of positive and negative livelihood
and environmental outcomes as well as mediating factors through
which the positive and negative outcomes are generated.
The role of access modiﬁers, i.e., governments, associations, and
ﬁrms, appears critical in how mediating factors affect farmers' access
to assets. Without monitoring efforts by the government, farmers who
initially have less than the required LR area will less likely change
their production or restoration decisions to comply with the Forest
Code. This will invalidate the changes in the amount of land for cultiva-
tion and resulting changes in the provision of ecosystem services. The
government also plays an important role in making ﬁnancial and phys-
ical capital assets available to farmers by providing access to credit and
infrastructure that can enhance agricultural production. Financial and
physical capital assets also become available through farmers' increased
access to social capital by formation of new networks created by the
CAR registration. Also, human capital in the form of education about
the Forest Code, how to comply with it, and changing consumer de-
mands by governments, ﬁrms, or associations become available by sup-
portive institutions and organizations (access modiﬁers).
Table 1
Examples of livelihood impacts of CAR and CAR related programs: mediating factors and channels of capital assets through which the impacts are delivered – lighter grey rows indicate
positive channels and outcomes; darker grey rows indicate negative channels and outcomes. LR: Legal Reserves. APP: Areas of Permanent Preservation.
Assets Mediating factors Channels of capital assets affecting livelihoods
Natural
capital
Amount of initial LR area
and monitoring efforts by
the government
Increased productivity and provisioning of ecosystem services,
e.g., water quality, through preservation of LR and APP
Less available land to cultivate if initial amount of LR was
lower than 20%;
Expenses related to restoration/purchasing additional land to
comply with the Forest Code;
Expenses related to intensification and expansion of agricultural
land into new areas;
Decreased provisioning of ecosystem services through
increased input use, e.g., fertilizer
Financial
capital Use of credit lines
Continued or improved access to credits and help with the
registration for CAR
Expenses related to geo–referencing property boundaries
(compensated by CAR related programs)
Inability to pay back loans (e.g.,in case of crop failure due to
weather events)
Human
capital 
Education,
participation, and
interaction among farmers
Increased knowledge on the Forest Code, how to comply with
it, and consumer demands for sustainable products
Less cultivation and no compensation for compliance or lack of
other economic opportunities, e.g., off–farm jobs
Social
capital
Formation of new networks
and shared knowledge
among members of the
network
Increased access to inputs and markets and shared knowledge
on restoration/preservation of LR and APP
Physical
capital
Existing infrastructure and
the number of farmers
Decreased costs of production and market accessibility if
improvement in infrastructure
Increased costs of production and market accessibility if
decrease in infrastructure
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property appears to be amajor determinant of how the CAR and CAR re-
lated programs affect livelihoods, particularly through changes in natu-
ral capital assets. Speciﬁcally, farmers with an area of LR that is less than
what the law requires will likely suffer from a decrease in production or
increasing costs for restoration/additional land purchases to make up
for the required LR and APP. However, any increase or decrease in the
area of LR andAPPwill likely lead to an increase or decrease, respective-
ly, in the provision of ecosystem services. Further, regardless of the
amount of LR, intensiﬁcation or expansion of agriculture into new
areas can also incur additional costs to farmers.
Other factors not reported in our interviews that may reinforce ei-
ther positive or negative impacts of changes in capital assets on liveli-
hood security include weather events and market conditions. For
example, farmers who have invested in purchasing inputs facilitated
by increased credit access may not be able to pay back the loan if they
experience crop failure as a result of drought. In this case farmers will
be in debt, which can potentially threaten their livelihood security un-
less other measures of support from the government are provided. An-
other example is the availability of off-farm employment opportunities
that change withmarket conditions. Farmers who ﬁnd agricultural pro-
duction less proﬁtable, either due to less available arable land or due to
new knowledge about consumer demands for sustainable products,
might search for off-farm employment opportunities. Increased em-
ployment opportunities with favorablemarket conditionswill reinforce
the positive livelihood impacts of CAR while the opposite case will hold
for unfavorable market conditions with less off-farm employment
opportunities.
Whether there are net livelihood gains or losses, accounting for all
beneﬁts and costs from changes in natural, human, ﬁnancial, social,
and physical capital assets, may of course vary by farm and region. For
example, although the Brazilian government promotes continued ac-
cess to credit as an incentive to register in the CAR, this beneﬁt may in
fact be outweighed by possible income losses, especially in the regionswith higher baseline percentage of deforested area. The livelihood
gains and losses will also be different by region, where variable weather
events andmarket conditions are beyond the inﬂuence of organizations
and institutions.5. Conclusion
Brazil's revised Forest Code mandates registration in the CAR. As
such, states are obligated to help smallholder farmers comply. Funding
agencies such as the ICF, the KfW, and the Amazon Fund have invested
money and resources in helping states to register smallholder farmers
in the CAR system. The CAR might, on the one hand, be one of the few
mechanisms of the revised and relaxed Forest Code (and now often re-
ferred to as an amnesty for illegal deforestation), that can provide envi-
ronmental beneﬁts. But on the other hand, the CAR actually legalizes
these new lax standards and may eventually lead to environmental
costs. Because the bulk of scholarly and policy attention has been devot-
ed to better understanding the environmental impacts, CAR's livelihood
outcomes remain largely overlooked. We ﬁll this gap by outlining how
the CAR may also affect the livelihoods of rural people.
Through our interviews,we found that the CAR and CAR related pro-
grams have affected rural livelihoods in the state of Pará and will likely
affect them in the Cerrado biome by changing farmers' natural, human,
ﬁnancial, and social physical capital assets. Depending on the initial
amount of LR area in rural properties and the monitoring efforts carried
out by the government, CAR registration appears to have both positive
and negative impacts mainly due to increased provision of ecosystem
services (e.g., water quality) and increased production costs, respective-
ly. The programs that facilitate CAR registration help farmers to accu-
mulate human capital by providing knowledge and information on
how to complywith the Forest Code and the value of ecosystem services
generated by forests. Moreover, the programs appear to have helped
farmers prepare for greater market demands for sustainably produced
60 S. Jung et al. / Ecological Economics 136 (2017) 53–61products. However, improvements in livelihoodswill not be guaranteed
without proper compensation for farmers' compliance efforts.
Our ﬁndings suggest that the CAR and CAR related programs are ex-
pected to affect livelihoods even though these outcomes are not explicit
goals. We argue that both governments and funding agencies that are
implementing sustainability goals need to consider the possible liveli-
hood impacts of their programs when they promote policies to bring
famers into legality. Given the high poverty rates in many states in the
Amazon and Cerrado biomes, the inclusion of such activities to raise in-
comeafter theCAR registrationmay be a necessary step to improve live-
lihoods, albeit it remains unknown whether it will also promote
environmental conservation or by contrast cause deforestation.
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Appendix 1
The interviews from 2011 were carried out with eight small-scale
farmers and four truck drivers in the municipalities of Santarém and
Belterra in Pará state, as well as three governmental ofﬁcials from mu-
nicipality government and state environmental agency (SEMA), four
TNC employees working in TNC ofﬁces in Santarém, Belem, and Wash-
ingtonDC,ﬁve Cargill employees in Santarém and Belterra, and oneper-
son from International Finance Corporation (IFC) in São Paulo. They
represent representative stakeholders that are directly involved in the
Responsible Soy Project and in the process of helping farmers register
for the CAR system. The interviews with farmers and governmental of-
ﬁcials were conducted in person from June 13 to June 24 in 2011. The
interviews with NGOs and Cargill consisted of both face-to-face inter-
views in the same period and phone interviews done in May and June
2011. All interviewees were asked about the beneﬁts of the activities
done by the Responsible Soy Project including helping farmers register
for the CAR and comply with the Forest Code.
The interviewswith key personnel fromKfW, ICF, and Amazon Fund
in 2015 were conducted through a series of conference calls. Inter-
viewees were in charge of managing and overseeing the use of funds
for CAR related programs.We asked questions on their speciﬁc activities
on the ground, expected livelihood impacts of the project, and pathways
through which the livelihood impacts might occur. The KfW supports
CAR registration programs in 11 and 58 municipalities in the Triple
Frontier and Atlantic Forest, respectively, and 18 municipalities in
each state of Pará and Mato Grosso. The ICF supports 22 municipalities
in the states of Bahia,Maranhão, Piauí, and Tocantinswithin the Cerrado
biome. The Amazon Fund is working in 482 municipalities in the Ama-
zon and Cerrado biomes.
The interviews with 42 farmers in the Cerrado biome were face-to-
face interviews conducted in the municipalities of Formosa do Rio
Preto, Luis Eduardo, Riachão das Neves, and São Desidério in Bahia
and Uruçui, Ribeiro Gonçalves, Currais, Palmeira do Piauí, Baixa Grande
do Ribeiro, and Santa Filomena in Piauí. These farmers have registered
their properties in the CAR with the help of the ICF's ProCerrado
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